intake these older pigs were given creep feed ad lib. until IZ weeks old and were then given sow-and-weaner pellets according to scale B of Woodman (1957) . The calculated composition of the creep feed was 1.2 yo Ca, 0.7 yo P and 0.12% Mg. T h e sow-andweaner pellets contained 1.0% Ca, 0.6 yo P and 0*207(, Mg.
Slaughter and dissection procedure. After weighing, piglets were killed by intraperitoneal injection of a solution containing pentobarbitone sodium. T h e radius, ulna, and 3rd and 4th metacarpals from both front limbs were selected for detailed study. Bones of the fore limb were chosen because in our experience this limb had shown greater proneness to distortion on artificial diets low in bone-forming minerals (McCrea & Tribe, 1956) . It was found easier to dissect the bones out in one operation rather than to remove them with the adherent tissues and try to separate these later. The bones were removed complete with periosteum and were weighed and measured immediately. They were then left to dry in the laboratory for a day or so.
Chemical methods. For the determination of fat, bones were placed in Soxhlet extractors and were extracted with light petroleum (b.p. 4-60") for 24 h. After the solvent had been evaporated the fat was weighed. It is possible that some watersoluble P was removed by this procedure. After being dried at 100" for 16 h the fatfree bones were cooled and weighed, and then ashed in silica evaporating basins at 650" for 6 h. For the measurement of Ca, P and Mg in the 3rd metacarpal and radius the ash was dissolved in hydrochloric acid (sp. gr. 1.18) at the rate of 3 ml acid/g ash.
The solution was then boiled gently for 30min, cooled and made up to a known volume. Ca was measured in triplicate samples by the method of Clark & Collip (1925) , P in duplicate samples by the method of Hanson (1950) and Mg in duplicate samples by the method of Bradfield (1961) . Recoveries of all three elements were checked by the inclusion in each batch of samples of a synthetic solution containing Ca, P and Mg in the ratio of 60:30:1.
R E S U I. TS
Four litters studied over the period from o to 28 days of age Weight gain. It is not known to what extent the progressive reduction in litter size which occurred during the experiment may have influenced the growth rate of the survivors. The growth of the piglets was rapid, those slaughtered at 4 weeks of age weighing over seven times as much as those killed at birth (see Table I ). With allowance for the increase in total body fat that occurs between farrowing and 4 weeks of age (Manners & McCrea, 1963) , these 4-week-old piglets would have contained about six times as much fat-free body tissue as did their litter-mates at birth. Relative rates of weight gain, i.e. daily gain between one slaughter age and the next expressed as a percentage of the weight at the earlier age, were 11.9, 15.7, 8.5, 7.6 and 4.7 for 0-2, z-7,7-14,14-21 and 21-28 days respectively. Thus the maximum rate of gain occurred between 2 and 7 days of life with successively smaller rates of increase thereafter. Our investigation of total body composition of piglets of the same breeding has shown that the relative rates of gain of fat-free body tissue are of the same pattern as that found for total gain (Manners & McCrea, 1963) .
Bone weight. At 4 weeks of age fresh bone weights of the 3rd metacarpal, 4th meta-carpal, radius and ulna were, respectively, 5.82,5-74,5.83 and 5-25 times those at birth. The weights of ash in the same bones were 6.46, 7-59, 6.48 and 6.42 times those at birth. Since the 4th metacarpal showed the greatest increase in ash content over the 1st month of life it would seem likely to be the most sensitive bone (of the four studied) for experiments to determine the mineral requirement for optimum bone formation over this period. Relative rates of gain in weight of bones were greatest between 2 and 7 days of age. For example, in the 4th metacarpal daily gains in weight between one slaughter age and the next, expressed as a percentage of the weight at the earlier age, were 5-5, 148, 7-5, 7-5 and 4.0 for 0-2, 2-7, 7-14, 14-21 and 21-28 days respectively. Chemical composition of bones. The figures for ash content of the radius and 3rd metacarpal and for the composition of the ash of the 3rd metacarpal are for one bone from each pig only. All other values in the tables are means for the bones from both front limbs. Table 2 shows that, in all four bones studied, the percentages of fat, fatfree dry matter and ash showed similar trends during the period.
Fat content of fresh bones. Throughout the first 4 weeks of life the percentage of fat in the fresh bones was low, rising from 0.21-0-28 at birth to 0-39-1-04 at 28 days. During this period fat deposition within the rest of the body of the piglet is considerable (Manners & McCrea, 1963) and it is surprising that percentages of fat in bone remained so low for as long as 28 days. T h e small changes in fat content that were observed were of doubtful statistical significance. I n other (unpublished) experiments we have found that the fat content of bone is almost always considerably higher at 28 days of age in artificially reared piglets than in their sow-reared littermates.
Fat-free dry-matter content of bones. I n the 3rd and 4th metacarpals and the radius fat-free dry matter percentage at 21 and 28 days was significantly higher than at earlier ages. I n the 4th metacarpal the figures for 14-day slaughtered animals were also significantly higher than at earlier ages. Fat-free dry matter in the radius at 7 days of age was lower than at 0, 2 or 14 days of age ( P < 0.01).
Ash content of fresh bones. T h e significance of differences between values for this I963 characteristic showed the same pattern as found for fat-free dry-matter content, with the ulna showing the same pattern as the metacarpals. There was a fall in ash concentration between birth and 7 days of age in each of the four bones studied, but only for the radius was it statistically significant (P < O'oj). Ash content of fat-free dry matter of bones. Analyses of the differences in percentage ash in fat-free dry matter gave variance ratios that were not significant for the 3rd and 4th metacarpals and for the radius, although for the 3rd metacarpal the 5 % level of Vol. 17
Bone development in sow-reared piglets 49' significance was approached. It is therefore unwise to place any reliance on the few instances in which differences between means reached statistical significance. Mineral composition of the ash. The results for the 3rd metacarpal are given in Table 3 . T h e radius showed the same trends. T h e percentage of Ca did not vary significantly between ages. T h e percentages of both P and Mg in the ash of the 3rd metacarpal of newborn and 2-day-old piglets were significantly ( P < 0.01) lower than those in 7-, 14-, 21-and 28-day-old piglets. As a result, the ratios between Ca and P and Ca and M g from 7 days onwards were significantly lower than at either o or 2 days.
Om litter studied over the period from o to 140 days of age Table 4 summarizes the results for this litter. It can be seen that bones continued to grow rapidly throughout the period. Fat content rose from very low levels before 28 days of age to much higher levels later. Ash content rose considerably after 28 days of age. T h e chemical composition of the ash varied very little after 28 days of age. a wide range of ages and include the period that we have studied. However, our investigation gives a detailed picture of the changes occurring in bone during the suckling period; the other studies show the trends over a longer period, as does our one litter studied over the period from birth to 140 days of age.
The most noteworthy of our findings is the tendency for the proportion of ash in the bones of the piglet to decrease over the I st week of life. Similar falls in calcium content of bone in suckling animals of other species have been observed and are referred to by Slater & Widdowson (1962). These authors showed that, in suckling kittens, dosing with CaHPO, prevented the decrease in degree of calcification that normally occurred.
In an experiment in which we have measured the ash content of the whole body of sow-reared piglets (Manners & McCrea, 1963) we found that the proportion of ash in fat-free body tissue falls over the period from birth to 7 days of age, largely owing to a fall in Ca concentration. It would appear that the sow-reared piglet is short of boneforming minerals during the 1st week of life when both bone weight and body-weight show maximum relative increase. T h e low Mg concentration that we observed in bone ash at birth and at 2 days of age compared with that at later ages is in accordance with our finding (Manners & McCrea, 1963) that Mg concentration in the whole body of the piglet falls between birth and 2 days of age and rises thereafter.
S U M MARY
I . Individuals from four litters of sow-reared Large White x Wessex piglets were slaughtered in turn, a piglet from each litter being killed at 0, 2, 7, 14, 21 and 28 days of age. Additional piglets in one litter were killed at 56, 84, I 12 and 140 days of age.
